By means of neutron inelastic scattering, magnetic excitations and phonons were measured for a single crystal of slightly overdoped superconductor Ca 10 Pt 4 As 8 (Fe 1−x Pt x As) 10 (x ∼ 0.2) with the transition temperature T c of ∼33 K. Below T c , magnetic excitation spectra χ"(Q, ω) measured at Q = Q M [magnetic Γ points] are gapped, and in the relatively higher ω region, the χ"(Q M , ω)-increase was observed with decreasing T , where the maximum of the increase was found at ∼18 meV at 3 K (<< T c ). These characteristics are favorable to orbital-fluctuation-mediated superconductivity with the so-called S ++ symmetry of the order parameter. The energy dependence of δQ-temperature(T ) curve of the magnetic excitations seems to have anomalous behavior in rather wide T region above T c , δQ being the width of the Q scan profile. In the phonon measurements, we observed softening of the in-plane TA mode, which corresponds to the elastic constant C 66 . This softening seems to start at rather high temperature T , as T is lowered. Additionally, anomalous increase in spectral weights of the TO-phonons at around Q M in the region 35 < ω < 40 meV was found even above T c , as T is lowered from ambient T . Because the spectral weights in this ω region mainly correspond to the in-plane motions of Fe atoms and because orbital fluctuations are expected to be strong at around Q M , the result may present clues to investigate a possible coupling between the fluctuations of the orbitals and lattice system.
Introduction
To understand high critical temperature of superconducting transition in Fe-based systems, it is important to study detailed normal state properties of conducting FeAs layers. Although it is widely believed that the superconducting pair formation is due to the spin-fluctuation exchange, which should generate sign reversal between the superconducting order parameters ∆ on the Fermi surfaces around Γ and M points [magnetic Γ points] of the (pseudo) tetragonal lattice in the reciprocal space (S ± symmetry), roles of orbital fluctuations (occupancy fluctuations among the 3d orbitals) have also been proposed as an alternative origin of the pair formation [1] [2] [3] [4] . If the mechanism via orbital fluctuations, which characterizes multi band systems, is relevant, the order parameter ∆ does not have the sign reversal (S ++ symmetry). One of striking differences between above two symmetries can be expected in effects of non-magnetic impurities on T c : Although non-magnetic impurities do not suppress, as is well-known, T c values for systems without sign change of ∆ over the Fermi surface(s), rapid suppression of T c values is expected for systems with sign change of ∆. Actually, it has been shown that rates of T c -suppression by non-magnetic impurities in the conducting planes are too small to be explained by the impurity scattering for the S ± symmetry [5, 6] . After taking the result into account, we can conclude that impurities doped into the FeAs planes do not act as the pair breaking centers, indicating that the S ± symmetry is not likely. Then, we have to be careful not to miss a possible novel superconducting mechanism, even though the spin fluctuation mechanism is widely considered to be the most plausible one.
In order to discuss which one of spin and orbital fluctuations is primarily important in Febased systems, T -x phase diagrams provide important information. For example, in the case of Ba(Fe 1−x Co x ) 2 As 2 , there are characteristic temperatures T N and T s (> T N ) of antiferromagnetic and tetragonal→orthorhombic transitions, respectively [7] . It also has the onset temperature T * (> T s ) of the gradual change to the so-called "nematic" state, which is characterized by breaking of the C 4 symmetry of various static quantities with decreasing T (even in the tetragonal phase) [8, 9] . From the relations T N < T s < T * , we presume that the observed structural transition is related to ordering of 3d yz and 3d zx orbitals and that the C 4 symmetry breaking can be understood as a kind of precursor of this ordering, because the fluctuation (electron-occupancy fluctuation) between these orbitals or their ordering is naturally expected to couple to the orthorhombic distortion. On this point, it has been pointed out theoretically [2, 3] that the orbital fluctuation is strong at around both Γ and M points of the (pseudo) tetragonal lattice in the reciprocal space, implying that evidence for the strong effects of the fluctuations on dynamical properties of lattice system can be found experimentally. Thus, we consider that in the phase diagram all the spins, orbitals, lattices, and couplings among these freedoms are involved as important ingredients. The question is which one of them has a primary role in the determination of the phase diagram.
To get consistent understanding of these ingredients, we have performed inelastic neutron scattering studies on magnetic excitations and phonons using a large crystal sample (∼ 10 g) of Ca 10 Pt 4 As 8 (Fe 1−x Pt x As) 10 prepared at Nagoya University. The system belongs to one of two series of Ca 10 Pt n As 8 (Fe 1−x Pt x As) 10 systems with n = 3 (10-3-8 phase) and 4 (10-4-8 phase) found by Kakiya et al. [10, 11] . Below, we present a brief report on the data obtained by varying T through T c , which may indicate possible evidence for orbital-fluctuation-mediated superconductivity.
Experiment
The structure of Ca 10 Pt 4 As 8 (Fe 1−x Pt x As) 10 is rather complicated [11, 12] . It has Fe 1−x Pt x As planes common to other Fe-based superconductors and PtAs 2 planes, too [see Fig. 1(a) ]. For this system, we use a pseudo tetragonal cell with the lattice parameters a = b = 3.9029(3) , and c = 10.5122(6)Å. This pseudo tetragonal unit cell has only one Fe 1−x Pt x As conducting layer with two Fe 1−x Pt x sites in a cell. The shielding diamagnetism taken by using a conventional SQUID magnetometer for a small piece of the present crystal has the onset T c value of ∼ 33 K [see Fig. 1(b) ]. The x value determined by the intensity analysis of NMR spectra [6, 13] is ∼ 0.20. These x and T c values are consistent with the T -x phase diagram [10] . The PtAs 2 layers do not have important roles in determining the transport and magnetic properties, as will be reported elsewhere [13] . Although the fraction (∼ 0.2) of Pt impurities at Fe sites in FeAs planes is large, the optimal superconducting transition temperature is very high, T c ∼ 38 K, indicating that the high-T c superconductivity of this system is robust against impurity scattering.
We carried out X-ray powder diffraction measurements on pulverized crystallites of the specimen and confirmed a little amount of the 10-3-8 phase, which does not significantly affect our results. It should be added that the sample used in this study had two domains with similar volumes. It was confirmed by neutron measurements of the (2, 0, 0) Bragg reflections. The peak width FWHM of each domain was ∼ 1.3 • , and they were ∼ 2.5 • away from each other. Thus the signals of each domain were not contaminated with that of other domain at least around the (2, 0, 0) reflection, where the in-plane TA phonon measurement was carried out. Thus the effective sample amount used here is ∼ 5 g.
Neutron data of the spin excitations and low-energy phonons were collected with both thermal (2T) and cold (4F2) triple-axis-spectrometers (TAS) at the neutron reactor ORPHEE of Laboratoire Leon Brillouin (LLB), France, respectively. Incident and scattered beams were focused by pyrolytic graphite 0 0 2 monochrometer and analyzer, respectively, and in these cases, collimation conditions were fully open. Neutron data of optic phonons were collected with thermal TAS (HB-3) at the neutron reactor HFIR of Oak Ridge National Laboratory, USA. Collimation condition was 48'-40'-40'-70'. In all cases, pyrolytic graphite filter was placed before the analyzer to eliminate the higher order reflections.
Results and Discussion

T dependence of the dynamical magnetic susceptibility across T c
As examples of our data series, Figure 2 (a) shows the peak profiles of the magnetic scattering intensity S(Q, ω) ∝ (n + 1) · χ"(Q, ω) at selected T values, where n is the Bose factor. They were obtained above T c by scanning Q at fixed ω values of 5 and 7 meV along (q, q, 0) through an M point (1/2, 1/2, 0). We can see that the peaks are always located at Q M in the measured ω region less than 11 meV by constant-ω scans, indicating that the dispersion curve of the magnetic excitation is very steep in the Q-ω plane, as was already reported for one of other 10-4-8 crystals by using the chopper spectrometer [14] . Figure 2(b) shows the difference between the magnetic excitation spectra observed at T = 3 K and 38 K by scanning ω at an M point (1/2, 1/2, 2). With the development of the superconducting gap on cooling through T c , the spectral weight shifts from the low-energy region to the high-energy region, and we can see that the maximum increase of the spectral weight is at the energy ω = E p ∼ 18 meV. If the peak is due to the coherence factor effect characterizing the superconducting condensed state with the S ± symmetry, the peak position E p is expected to be smaller than the value |∆ Γ |+|∆ M |, where ∆ Γ and ∆ M are superconducting order parameters on the Fermi surfaces around Γ and M points, respectively [15] . Here, judging from the experimental values of the ∆ values observed for various systems, the observed value of E p /k B T c (> 6) can hardly be considered to satisfy the condition E p < |∆ Γ |+|∆ M |, indicating that the peak is not due to the effect of coherence factor of the S ± symmetry, but probably due to a different effect predicted for the S ++ symmetry of ∆ by Onari et al. [16] . Additionally, we have found the rather large difference of the Q-scan profile widths (δQ) of the magnetic excitation between ω = 5 meV and 7 meV from the data at T = 90 K. The δQ with ω = 5 meV is broader than one with ω = 7 meV. T dependences of δQ are plotted in Fig. 2 (c) . We can say that, in the T region of 38 K < T < 180 K, the δQ-T curve exhibits anomalous ω dependence. It is interesting to see at what temperature the anomaly occurs with decreasing T , because it may be related to the appearance of the nematic phase stated in the introduction.
Temperature dependence of phonons
First, we present result of measurements of the in-plane transverse acoustic mode, which corresponds to the elastic constant C 66 . The ω-scan profiles were taken at various fixed q values of Q = (2, q, 0) and at various T points between 4 K and room temperature to obtain the q-ω dispersion relation. Figure 3(a) shows the T dependence of the frequencies at the transverse propagating vector q = 0.05, figure. Reducing the softening amplitude into a value of the elastic constant, it becomes nearly 16 %, which is similar order of magnitude to that of the Ba122 in the superconducting phase [17] . Therefore, the result suggests that the coupling of the lattice system seems to commonly exist in Fe-based superconductors.
Figure 3(b) shows temperature variation of energy spectra of the phonons at Q = (2.44, 0.49, 3.0) near an M point Q = (2.5, 0.5, 3), where the in-plane optical phonon modes are observed. The enhancement of the intensity was observed at around = 40 meV at low temperature region. It sets in at temperature higher than T c = 33 K, at least higher than 40 K, with decreasing T . Comparing the phonon spectra with the first principle calculation of phonon density of states, we think the strong enhancement arises from anomalous behavior of the in-plane motion of Fe atoms, suggesting strong coupling between the orbital fluctuations and lattice system at around Q M .
Summary
We have performed measurements of spin and lattice systems of Ca 10 Pt 4 As 8 (Fe 1−x Pt x As) 10 by inelastic neutron scattering to identify the microscopic origin of the superconductivity. Even though there exist a strong idea that the spin-fluctuation is relevant to the occurrence of the superconductivity, we should consider the orbital fluctuation mechanism in order to explain the result that the broad peak structure in the magnetic excitation spectra appears near ω = E p = 18 meV (E p /k B T c ≥ 6) at low temperatures T << T c , which is favorable to the S ++ symmetry of ∆. Actually, we can succeed in observing the softening of the acoustic phonon at Γ point and the anomalous increase of the spectral weight of in-plane optical phonons at the M point with decreasing T , suggesting the strong coupling between orbital fluctuations and lattice system.
As described above, there are experimental suggestions that the orbital fluctuations are actually playing an essential role in the realization of the superconductivity in Fe-based system, and it is informative to study normal state properties, in which all the spins, orbitals and their coupling to the lattice system are involved.
